During a 3-week period of mid-fall 1991, 6 of 25 6-monthold Holstein calves developed progressive rear limb stiffness and recumbency and died 4-12 hours after the onset of clinical signs. Affected animals were initially treated by the referring veterinarian with sulfadimethoxine a and vaccinated with a 7-way clostridial bacterin-toxoid. b Necropsy of 3 calves by the referring veterinarian revealed hemorrhage in the thorax and epicardial petechial hemorrhages. There was no previous history of vaccination or vitamin E/selenium or any other supplementation. The last calf to die was treated with thiamine and injectable vitamin E and selenium and developed swelling at the site of injection. The affected animals were born on the farm in a closed herd and fed grass hay alternating with alfalfa hay.
One animal was submitted for diagnostic investigation. At necropsy, the carcass appeared to be in good nutritional state and weighed 123 kg. There was a diffuse subcutaneous hemorrhage and edema throughout the body, including lateral aspects of the larynx and esophagus. There was approximately 1 liter of blood in the abdominal cavity. Diffuse hemorrhages were present on the neck, thigh, stifle, and hock muscle, lung, epicardium, endocardium, perirenal areas, and serosal surface of the colon, uterus, and urinary bladder.
Aerobic cultures of lung, liver, and small intestine yielded no significant growth after 48 hours. Bovine viral diarrhea and infectious bovine rhinotracheitis viruses were not detected in the lung, liver, and spleen using a fluorescent antibody test and virus isolation. Clostridium species (C. chauvoei, C. sordelli, C. septicum, C. novyi) were not identified in skeletal muscle using fluorescent antibody testing.
Microscopically rhage. Multifocal to diffuse, severe hemorrhage was present in sections of lung, intestine, uterus, kidney, and urinary bladder. A diagnosis of dicoumarol (moldy sweet clover) toxicosis was made based on the clinical history, postmortem findings, and detection of dicoumarol in liver tissue by thinlayer chromatography (TLC). 3 Dicoumarol was confirmed and quantified by mass spectrometry/mass spectrometry (MS/ MS). 4 Daughter ion spectra of dicoumarol were generated by collision-activated dissociation (CAD) at a collision offset of -10 V from the 70-eV electron impact (EI) parent ion, M + = 336, and also from the methane chemical ionization (CI) parent ion, MH + = 337. Characteristic EI daughter ions of M + = 336 were m/z 215, 175, 162, and 121 in both reference dicoumarol and liver extract (Fig. 1) . Characteristic CI daughter ions of MH + + 337 were m/z 234 and 163, present in both reference dicoumarol and liver extract (data not shown). Results were confirmed by generation of parent ion scans of selected CAD daughter ions, using both EI and methane CI techniques. The direct insertion probe volatilization profiles of reference dicoumarol, the extract of liver from an affected calf, and extract from a bovine liver control were compared ( Fig. 2 ). At 2:14-2:18 minutes, the reference dicoumarol and the extract from the affected calf both exhibited a peak in the reconstructed total daughter ion chromatogram and in the selected ion chromatogram of daughter ion m/z 215. Only background noise at a signal strength 1-2 orders of magnitude less could be observed in the control liver chromatograms. Dicoumarol was quantified in the liver of the affected calf using the ratio of the peak heights of the m/z 215 ion chromatograms (Fig. 2) : liver conc. (ppm) = (P 1 /P d )·( 100 ng/50 mg),
where P 1 is the m/z 215 ion current peak height of the liver extract equivalent to 50 mg liver and P d is the m/z 215 ion current peak height of 100 ng dicoumarol. The liver of the affected calf contained 2.6 ppm dicoumarol, which is within the range of 1-5 ppm found in liver in other reported cases of dicoumarol toxicity in cattle. 2, 7 A sample of the suspect hay submitted at a later date contained 18 ppm dicoumarol on a dry weight basis (the sample contained < 10% moisture) by TLC and high-performance liquid chromatography. A
